We determined host plant effect on susceptibility of the silverleaf whitefly, Bemisia argentifolii, to the entomopathogenic fungus Paecilomyces fumosoroseus. Whiteflies were reared on three vegetable species (cucumber, cabbage, and tomato) and three cultivars of tomato (Heatwave, Better Boy, and Rutgers). Second instars were sprayed with 5 ؋ 10 4 conidia/cm 2 of Pfr 97, a P. fumosoroseus strain, used as a microbial control agent of whiteflies. Trials were conducted in an experimental greenhouse, where temperature and relative humidity were adjusted to favor infection (22-33°C, and 68-100% RH). Larval susceptibility to fungal infection was high and not significantly affected by the host plant. Mortality was G 70% 1 week after treatment and increased further during the second week. Percentages of cadavers with subsequent production of conidia observed in the greenhouse did not vary significantly either with the host vegetable species (85-93% 7 days after treatment and 99-100% 14 days after treatment), or with the cultivar of tomato (96-97% 7 days after treatment and 99-100% 14 days after treatment). After incubation under optimal laboratory conditions, the percentages based on the total number of sporulating cadavers (including in situ sporulating individuals and cadavers sporulating after in vitro incubation) were not significantly influenced either by host vegetable or cultivar of tomato. According to the conditions prevailing in the series of experiments with the three vegetable species or in the series of experiments with the three cultivars of tomatoes, the production of newly formed conidia varied from approximately 10,000 to 18,000 conidia/cadaver. However, in both series, there was no significant influence of the host vegetable species or cultivar. The survival of the newly formed conidia harvested 7 days following treatment reached more than 50% but was not affected by host plant. These results indicate that P. fumosoroseus shows potential as a microbial control agent for controlling B. argentifolii on greenhouse crops. 1998 Academic Press
INTRODUCTION
Since the late 1980s, whiteflies of the genus Bemisia, including the sweetpotato whitefly, Bemisia tabaci (Gennadius), and its recently described highly polyphagous biotype, the silverleaf whitefly, Bemisia argentifolii Bellows and Perring (Bellows et al., 1994) , have spread rapidly and become serious pests of both field and greenhouse crops (Schuster et al., 1996) . The damage currently inflicted worldwide is estimated at hundreds of millions of dollars annually (Gerling and Mayer, 1996) and is related directly to feeding and to several associated disorders, including irregular ripening of tomato (Schuster et al., 1990) , squash silverleaf (Yokomi et al., 1990) , and white streaking disorder of Brassica spp. (Brown et al., 1992) .
The development of high levels of resistance to most chemical insecticides (Sharaf, 1986; Dittrich et al., 1990) and the negative impact of pesticides on natural enemies of the whitefly have forced researchers to develop alternative means of control (Osborne et al., 1990a; Lacey et al., 1996) . The entomopathogenic fungus, Paecilomyces fumosoroseus (Wize) Brown and Smith, is one of the most promising fungal species being studied for control of B. argentifolii (Osborne and Landa, 1992; Lacey et al., 1996; Vidal et al., 1997a) .
In this study, we analyzed the effect of crop on the efficacy of P. fumosoroseus for control of B. argentifolii. Three vegetable species (cucumber, tomato, and cabbage) and three cultivars of tomato were used as host plants to test their effects on the susceptibility of whitefly nymphs to the Pfr 97 strain of P. fumosoroseus. Trials were carried out in an experimental greenhouse to place plants under production conditions. The isolate Pfr 97 was chosen as a reference because of its use as a mycopesticide for whitefly management in the United States and in Europe (Osborne and Hoelmer, 1980; Landa, 1992, 1994; Landa et al., 1994) .
MATERIALS AND METHODS

Fungal Origin
The fungal strain, Pfr 97, used in our studies was isolated in 1986 from Phenacoccus sp. (Homoptera: Pseudococcidae) in Apopka, FL. The fungus was reisolated directly from the microbial formulation ''PreFeRal'' (PFR-97 20%) (W. R. Grace & Co., Columbia, MD), containing 10 9 colony forming units (CFU)/g blastospores. An aqueous suspension (0.3 g of PreFeRal product in 100 ml H 2 O) was sprayed on the underside of bean leaves (Phaseolus vulgaris L.) infested with 2nd instar nymphs of B. argentifolii. The bean plants were maintained in an experimental greenhouse for 7 days; then leaves were excised and incubated on 0.3% water agar inside disposable, sterile petri dishes (9 cm) placed in a plastic bag under optimal conditions for fungal sporulation (24°C and 100% RH). After 3-4 days, conidia of P. fumosoroseus were removed, using a disposable inoculating loop, under sterile conditions from the surface of two or three cadavers and plated on potato dextrose agar (PDA) (Difco, Detroit, MI) medium supplemented with 0.5 g chloramphenicol/liter and then incubated for 10 days at 24 Ϯ 1°C.
Production of Fungal Inoculum
The multispore isolate was subcultured onto PDA and incubated for 10 days at 24 Ϯ 1°C. Just before treatments, a suspension of inoculum was prepared by scraping conidia from 10-day-old cultures. Conidia were introduced into a sterile glass tube containing 30 ml of sterile deionized water. This suspension was vigorously agitated on a vortex mixer for 2 min and poured into a 250-ml Erlenmeyer flask with 70 ml of sterile deionized water. This suspension constituted our stock suspension. Counts of conidia were made using a 10 Ϫ2 dilution of stock and a hemacytometer (improved Neubauer). The stock suspension was subsequently adjusted to the desired final concentrations with sterile deionized water with 0.05% Tween 80. Controls consisted of sterile deionized water with 0.05% Tween 80.
Host Plants
The effect of crop was studied in two series of experiments with four trials per experiment conducted over four test dates for each experiment. The first series of experiments was carried out with three host vegetable species: cucumber (Cucumis sativus L.) cultivar Napoleon, cabbage (Brassica sativa L.) cultivar Fast Ball, and tomato (Lycopersicon esculentum Miller) cultivar Pixie. The second series of experiments was conducted with three cultivars of tomato: hybrid Heatwave, hybrid Better Boy, and Rutgers. All of these cultivars were chosen due to their extensive utilization in Florida. Seedlings were potted 34 Ϯ 1 days (tomato and cabbage plants) or 28 Ϯ 1 days (cucumber) before treatments were applied. Young plants were transferred from seed-pans to 0.6-liter plastic pots 18 Ϯ 1 days before treatments. Plants were grown under greenhouse conditions at the Central Florida Research and Education Center (CFREC) (University of Florida, Apopka, FL).
Insects
B. argentifolii used in these experiments originated from a colony maintained at the CFREC laboratory. The whiteflies were reared in screened cages (60 ϫ 60 ϫ 60 cm). From the original colony on bean plants, separate rearings were conducted on each of the three vegetable species for the insects to adapt to each host plant (van Lenteren and Noldus, 1990) . Approximately 1500 adults were introduced for 4 days in three different cages (500/cage) containing young plants of tomato (cultivar Pixie), cucumber, or cabbage, respectively. For the first series of experiments, insects were maintained for one generation on the same crop on which they were tested, whereas for the second series of experiments, whiteflies were reared for two generations on tomato (cultivar Pixie).
For the trials, groups of 30 young plants of each cultivar were placed separately in a rearing cage in a climate controlled chamber (28 Ϯ 1°C, and a photoperiod of 12:12 (L:D)). B. argentifolii adults were introduced into the cage containing the vegetable species on which they had been reared for 24 h. Preliminary trials revealed differential development time between oviposition and 2nd instar depending on the host plant. Infestation dates were adjusted to produce similarly aged nymphs of the test plants at the time of trials. Groups of tomato plants were infested with 600 adults 13 days before fungal treatments, and cabbage and cucumber plants were infested with 650 adults, 12 and 11 days before fungal treatments, respectively.
Prior to spray, plants were examined: two consecutive leaves (generally the 2nd and 3rd or the 3rd and 4th from the bottom) were selected to determine the whitefly infestation level (only those leaves with 40 to 80 insects, principally 2nd instars, were taken into account). Plants were randomly separated into two groups of 10 plants, for each species or cultivar, one for control and the other for treatment.
Initial Tests for Spray Determination
Treatments were made in the greenhouse using a hand sprayer (Spra-tool; Crown, North American Professional Products, Woodstock, IL), with a 225-ml container.
For determining the parameters needed to obtain a homogeneous conidial deposit, three series of tests were carried out over time on cucumber, cabbage, and tomato (cultivar Pixie) plants. One leaf was cut, weighed, and sprayed evenly with water over the whole leaf surface until run off. The leaf was immediately weighed after spraying and the weight difference was attributed to the quantity of water deposited. After drying, the leaf surface was measured using an area meter, Li-3100 (Li-Cor, Lincoln, NE). The experiment was repeated with four lots of 15 leaves for each of the three series of tests. Our determination showed that less water was sprayed until run off for cabbage than for tomato or cucumber: for each cm 2 of leaf, the quantity of water deposited on cabbage (6.3 mg) was 42% compared to that received on tomato or cucumber (approximately 15.0 mg). Therefore, to spray the same number of conidia per surface unit on the three vegetable species, the concentration of conidia sprayed on tomato and cucumber must be 42% compared to that used with cabbage.
Greenhouse Conditions
In the greenhouse used for treatments and incubation of treated plants, the humidity was maintained high during all tests by providing extra irrigation with a sprinkler under 1 of the 2 benches not used for plants. Temperatures Ͼ 33°C were moderated with the introduction of outside air. Temperature and relative humidity (RH) were recorded during all trials with a thermohygrograph placed on the bench used for tested plants. The mean temperature and RH were calculated based on four trials of each series of experiments (Figs. 1A and 1B).
Treatment Procedure
Treatments consisted of evenly spraying the underside leaf surface with water (controls) or with conidial suspension (treated plants) until run off. Based on our earlier trials, a concentration of 8 ϫ 10 6 conidia/ml for cabbage which was estimated to kill at least 50% of B. argentifolii populations was selected as the base for calculating treatments with the three plant species. Considering that the concentration of conidia sprayed on tomato and cucumber must be 42% compared to that for cabbage, we used 8 ϫ 10 6 conidia/ml for cabbage and 3.33 ϫ10 6 conidia/ml for all cultivars of tomato and for cucumber. Both these concentrations correspond to a coverage of 5 ϫ 10 4 conidia/cm 2 .
After application, lots of plants were placed on a bench in the greenhouse. A five-block randomized design was used. In total, 12 plants [three species or cultivars ϫ two types of suspension (water or fungus) ϫ two pots (1-or 2-week incubation)] were randomized within each block. On the bench, the blocks were arranged perpendicularly to the direction of irrigation and were separated by 17.5 cm. Inside a block, the 12 plants were separated by 13 cm. Each trial was repeated four times at 6-day intervals.
Post Spraying Procedure
Assessment of mortality was made 7 days after treatment on half of the plants and after 14 days on the other half. Leaves, which had been identified before spraying, were removed from the plant for observation in the laboratory with a binocular dissecting microscope. The number of live insects (ϭ emerged whiteflies, live 3rd and 4th instars), the number of dead nymphs without apparent sporulation of fungus, and the number of dead larvae with apparent sporulation were monitored and recorded.
Cadavers without apparent sporulation were identified by marking leaves with a permanent ink pen near the insects. Leaves were then incubated under optimal conditions for fungal sporulation on sterile water agar (3 g/liter) in petri dishes (9 cm) at 24°C and 100% RH. After 5 days, cadavers were observed for signs of fungal infection and sporulation.
When mortality was recorded after 7 days, 10 3rd-instar cadavers showing signs of sporulation were carefully and randomly removed from the surface of selected leaves of each treated plant with a needle. In total, 15 lots of cadavers were sampled (three species or cultivars ϫ five replicates). These insects were introduced into an Eppendorf microtube (1.8 ml), containing 60 µl of sterile deionized water with 0.05% Tween 80. This suspension was agitated on a vortex mixer to separate conidia from cadavers and immediately placed at 4°C to prevent conidial germination. These conidia removed from cadavers and suspended in water are called newly formed conidia because they were formed by sporulation on cadavers after incubation in greenhouse.
During the following 24 to 48 h, production of newly formed conidia on cadavers was estimated from preceding conidial suspension (50 µl) by direct counting in a hemacytometer under a microscope. Viability of the conidia was determined by measuring potential of colonization (percentage of colonies formed from live conidia after incubation under optimal conditions on nutrient agar). After the tubes containing the remaining suspensions (10 µl) were vigorously agitated for 2 min, 10 Ϫ4 dilutions were made with sterile deionized water. A volume of 0.2 ml of these suspensions was then spread onto PDA in three petri dishes. After 4 days of incubation at 24°C, P. fumosoroseus colonies were enumerated. Potential of colonization was estimated as number of CFUs per milliliter of suspension as compared to the number of conidia previously counted with the hemacytometer.
Statistical Analysis
The sampling unit was 10 leaves, using 2 leaves per plant and 5 plants per experimental variant for each of the 4 replicates. The total number of insects harvested from these 10 leaves was used for analysis of data in order to minimize coefficients of variation.
The effects of treatment with Pfr 97 and host plant on larval mortality were analyzed using a two-way analysis of variance (ANOVA) (␣ ϭ 0.05). The effect of the host plant on fungal sporulation on cadavers observed in situ was analyzed using a one-way ANOVA (␣ ϭ 0.05). The effects of in vitro incubation and host plant on fungal sporulation were analyzed using a two-way ANOVA (␣ ϭ 0.05). In addition, the effect of the time of posttreatment incubation in the greenhouse (7 or 14 days) on larval mortality and fungal sporulation was analyzed using Student's t test (␣ ϭ 0.05) for each host plant. Analyses of variance were done after angular transformation (arcsine square-root on rates) of data.
The effect of host plant on the number of newly formed conidia produced per cadaver was analyzed using ANOVA (␣ ϭ 0,05) after logarithmic transformation, for each series of experiments. Conidial survival was obtained as percentage of CFU compared to the number of conidia plated on agar. The effect of host plant on the survival of the newly formed conidia was analyzed using ANOVA (␣ ϭ 0,05) after angular transformation, for each series of experiments.
Analyses of variance, according to the general linear models procedure (GLM), were followed by comparison of means using the Student-Newman-Keuls (SNK) multiple range test. Statistical analyses were performed using the Statistical Analysis System software (SAS Institute, 1989) .
RESULTS
Influence of Vegetable Species
Nymphal mortality. Mean percentages of nymphal mortality in controls were low: 0.6 Ϯ 0.3 (cucumber) (mean Ϯ SEM) to 1.2 Ϯ 0.5 (tomato), after 7 days, and from 0.7 Ϯ 0.4 (cucumber) to 3.5 Ϯ 0.5 (cabbage) after 14 days (Fig. 2) . In contrast, the fungal treatment provoked significant nymphal mortality 7 days after treatment (F ϭ 1574.95; df ϭ 1,18; P Յ 0.0001), reaching percentages from 70.1 Ϯ 2.0 (tomato) to 74.5 Ϯ 4.0 (cucumber). After 14 days, the treatment also presented a significant effect (F ϭ 1396.95; df ϭ 1,18; P ϭ 0.0001), with 82.3 Ϯ 4.2% (tomato) to 88.2 Ϯ 2.4% (cucumber) nymphal mortality. However, there was no significant influence of the host vegetable species either after 7 days (F ϭ 0.04; df ϭ 2,18; P ϭ 0.9625) or after 14 days (F ϭ 0.21; df ϭ 2,18; P ϭ 0.8094). In spite of high fungal-induced mortalities recorded 7 days after treatment, mortalities continued to significantly increase between 7 and 14 days after treatment (2.5017 Յ t Յ 2.9476; df ϭ 3; 0.0257 Յ P Յ 0.0464, depending on vegetable species) (Fig. 2) .
Fungal sporulation on surface of cadavers. Percentages of sporulating fungus-killed cadavers observed in the greenhouse ranged from 85.1 Ϯ 4.5 (cucumber) to 93.0 Ϯ 1.6% (cabbage) after 7 days and from 99.1 Ϯ 0.5 (tomato) to 100% (cabbage) after 14 days, but there was no effect of host vegetable species (F ϭ 1.05; df ϭ 2,9; P ϭ 0.3901 and F ϭ 1.51; df ϭ 2,9; P ϭ 0.2727, respectively). Percentages of sporulating cadavers recorded 7 days after treatment significantly increased taking into account new sporulating individuals following in vitro incubation of cadavers not previously sporulating in situ (F ϭ 62.35; df ϭ 1,18; P ϭ 0.0001). The percentages corresponding to the total number of sporulating cadavers (including in situ sporulating individuals and cadavers sporulating after in vitro incubation) were very high, independent of the host vegetable species (F ϭ 1.07; df ϭ 2,18; P ϭ 0.3638 after 7 days and F ϭ 1.64; df ϭ 2,18; P ϭ 0.2222 after 14 days), and ranged from 99.6 Ϯ 0.2 (tomato) to 99.7 Ϯ 0.2% (cabbage) after 7 days and was 100% (all species) after 14 days (Fig. 3) .
According to the duration of the incubation time in the greenhouse, percentages of sporulating cadavers observed in situ increased significantly from 7 to 14 days (3.1463 [cucumber] Յ t Յ 4.4118 [cabbage]; df ϭ 3) (Fig. 3) . Nevertheless, after in vitro incubation of cadavers not previously sporulating in the greenhouse, the total number of sporulating cadavers approached 100% and did not differ significantly.
Production and viability of newly formed conidia obtained on cadavers. The spore production obtained on the surface of each 3rd instar was 8,228 Ϯ 2,437 conidia on cabbage, 8,516 Ϯ 1,934 conidia on tomato, and 12,068 Ϯ 2,734 conidia on cucumber. Spore production was not significantly affected by host vegetable species (F ϭ 0.49; df ϭ 2,9; P ϭ 0.6261). The viability of newly formed conidia harvested on the surface of infected 3rd instars was 48.7 Ϯ 3.5% on cabbage, 54.4 Ϯ 2.9% on tomato, and 60.1 Ϯ 5.2% on cucumber. Viability was not significantly different for the three host vegetable species (F ϭ 2.05; df ϭ 2,9; P ϭ 0.1852).
Influence of Tomato Cultivar
Nymphal mortality. In the second series of experiments, control mortalities ranged from 3.4 Ϯ 0.6 (cv Better Boy) to 4.7 Ϯ 2.8% (cv Heatwave), after 7 days, and from 7.0 Ϯ 2.7 (cv Heatwave) to 9.5 Ϯ 2.1% (cv Rutgers), after 14 days (Fig. 4) . Mortalities observed on treated larvae were significant and ranged from 74.1 Ϯ 8.3 (cv Heatwave) to 78.4 Ϯ 4.4% (cv Better Boy), 7 days after treatment (F ϭ 320.81; df ϭ 1,18; P Յ 0.0001), and from 83.2 Ϯ 3.3 (cv Heatwave) to 87.7 Ϯ 1.3 (cv Rutgers), 14 days after treatment (F ϭ 951.19; df ϭ 1,18; P ϭ 0.0001). In contrast, mortality was not affected by the host cultivar for any time of incubation (F ϭ 0.04; df ϭ 2,18; P ϭ 0.9617 and F ϭ 1.37; df ϭ 2,18; P ϭ 0.2801, after 7 and 14 days, respectively) (Fig. 4) . Mortality observed in treated larvae did not change significantly from 7 to 14 days incubation (1.0210 Յ t Յ 2.1595; df ϭ 3; 0.0741 Յ P Յ 0.3467, depending on cultivar) (Fig. 4) .
Fungal sporulation on surface of cadavers. Percentages of sporulating cadavers observed in the greenhouse were high, ranging from 96.0 Ϯ 1.4 (cv Rutgers) to 96.7 Ϯ 2.1% (cv Heatwave) after 7 days and from 98.9 Ϯ 0.2 (cv Better Boy) to 99.5 Ϯ 0.2% (cv Heatwave) after 14 days. However, no effect of tomato cultivar was observed after both in situ incubation times (F ϭ 0.13; df ϭ 2,9; P ϭ 0.8834 after 7 days and F ϭ 1.89; df ϭ 2,9; P ϭ 0.2060 after 14 days). Moreover, after 7 days in the greenhouse, there was no significant increase for each cultivar between percentages of sporulating cadavers observed in situ and the percentages calculated taking into account new sporulating individuals following in vitro incubation of cadavers not previously sporulating in situ (F ϭ 4.49; df ϭ 5,18; P ϭ 0.0078) (Fig. 5) . The percentages corresponding to the total number of sporulating cadavers were not affected by the host cultivar (F ϭ 0.40; df ϭ 2,18; P ϭ 0.6753 and F ϭ 2.38; df ϭ 2,18; P ϭ 0.1215, after 7 and 14 days, respectively). These percentages were from 99.7 Ϯ 0.3 (cv Rutgers) to 100% (cv Heatwave) after 7 days and 100% after 14 days (all cultivars) (Fig. 5) .
According to the duration of the incubation time in
FIG. 3. Mean percentages of sporulating
Paecilomyces fumosoroseus-killed cadavers of Bemisia argentifolii, exposed as 2nd instars to 5 ϫ 10 4 conidia/cm 2 of P. fumosoroseus (Pfr 97), for three host vegetable species under greenhouse conditions 7 or 14 days after treatment. GR represents the percentages of sporulating cadavers recorded in the greenhouse and TO the percentages corresponding to the total number of sporulating cadavers (including in situ sporulating individuals and cadavers sporulating after in vitro incubation). The vertical bars represent the standard error of the mean. Within the same incubation conditions (GR or TO) and host vegetable species, percentages with * for incubation of 14 days in the greenhouse are significantly different from incubation of 7 days (t test, ␣ ϭ 0.05). Within the same incubation time, percentages with the same letter are not significantly different (one-way ANOVA, P Ͻ 0.05; Student-Newman-Keuls test).
FIG. 4.
Mean nymphal mortality in Bemisia argentifolii, exposed as 2nd instars to 5 ϫ 10 4 conidia/cm 2 of Paecilomyces fumosoroseus (Pfr 97) or with water (control), for three cultivars of tomato under greenhouse conditions 7 days after treatment (F ϭ 4.20; df ϭ 5,18; P Յ 0.0001) or 14 days after treatment (F ϭ 190.79; df ϭ 5,18; P Յ 0.0001). The vertical bars represent the standard error of the mean. Within the same treatment and host cultivar, mortality data with * for incubation of 14 days are significantly different from incubation of 7 days (t test, ␣ ϭ 0.05). Within the same incubation time, mortality data with the same letter are not significantly different (one-way ANOVA, P Ͻ 0.05; Student-Newman-Keuls test). the greenhouse, neither percentages of sporulating cadavers observed in situ nor percentages calculated in considering the total number of sporulating cadavers significantly increased from 7 to 14 days; these percentages approached 100% (Fig. 5) .
Production and viability of newly formed conidia obtained on cadavers. The number of conidia obtained per 3rd instar was 15,529 Ϯ 2,944 on cv Rutgers, 17,051 Ϯ 3,670 on cv Heatwave, and 21,323 Ϯ 4,324 on cv Better Boy, without significant differences among the three cultivars of tomato being observed (F ϭ 0.62; df ϭ 2,9; P ϭ 0.5582). The percentage of conidial viability was 46.9 Ϯ 3.5% on cv Better Boy, 51.6 Ϯ 2.8% on cv Rutgers, and 54.4 Ϯ 3.8% on cv Heatwave, with no significant difference among the cultivars (F ϭ 1.27; df ϭ 2,9; P ϭ 0.3263).
DISCUSSION
Efficacy of P. fumosoroseus on Whiteflies
Our results indicate that B. argentifolii is highly susceptible to P. fumosoroseus (mortalities Ͼ 70%). This is in agreement with previous laboratory bioassays carried out with Pfr 97. Vidal et al. (1997a) found mortalities Ͼ 90% with 2nd instars of B. argentifolii treated at 3.8 ϫ 10 4 conidia/cm 2 using a Potter spray tower. Under highly favorable conditions for fungal development (27°C, 100% RH), Osborne et al. (1990b) showed high pathogenic activity against B. tabaci nymphs (Ͼ 90% mortality within 72 h with 10 6 conidia/ ml) and Landa et al. (1994) reported a particularly high efficacy of the fungal strain toward B. argentifolii, compared to several other P. fumosoroseus isolates.
We note that in both series of experiments, climatic conditions were highly favorable to mycosis development (mean temperatures between 22.8 and 31.9°C, and mean RH between 72.9 and 100%), with high mortalities (Ͼ 70% and Ͼ 80%, 7 and 14 days after treatment, respectively) and high percentages of sporulation of P. fumosoroseus on the surface of cadavers (Ͼ 85%). Moreover, all cadavers without apparent sporulation appeared infected after in vitro incubation. This confirms that the fungus was placed under favorable conditions, according to the previous results obtained in laboratory studies (Vidal et al., 1997b) .
Favorable conditions to both high mortality and epizootic potential are essentially related to climatic conditions. Data recorded with a thermohygrograph, even when it was placed near the plants, only indicated thermal and hygrometric macro variations. Further investigations should include more precise microclimatic measurements of infested leaf surface, especially humidity measurements near insects (Ferron et al., 1991) . Climatic management constitutes a key factor in IPM in greenhouse crops and may enhance the potential for mycoinsecticide development and utilization.
Influence of Host Plant on the Susceptibility of B. argentifolii to P. fumosoroseus
Our results suggest that interactions between B. argentifolii and P. fumosoroseus are not highly dependent on the host plant, in terms of nymphal mortality, fungal sporulation on cadavers, and quantity and viability of newly formed conidia produced. Similar results, showing no effect of host plant on susceptibility of phytophagous insects have been reported with other Hyphomycetes. In the Egyptian cotton leafworm Spodoptera littoralis Boisduval, noctuid 3rd instars were similarly susceptible to Nomuraea rileyi (Farlow) Samson whether larvae were reared on cabbage (B. sativa), cotton (Gossypium hirsitum L.), eggplant (Solanum melongena L.), or broad bean (Vicia faba L.) (Fargues and Maniania, 1992) . The pathogenic activity of Beauveria bassiana (Balsamo) Vuillemin on larvae of the Colorado potato beetle, Leptinotarsa decemlineata (Say), did not change, even though the plants (6 Solanum hosts) used for rearing differed (Costa and Gaugler, 1989a) . However, other researchers have reported an influence of the host plant on insect susceptibility to fungal infection. Research on the new microbial insecticide PreFeRal, containing Pfr 97, were conducted in greenhouses on cucumber and tomato by Bolckmans et al. (1995) . They demonstrated that this product was highly efficacious against nymphs of the greenhouse whitefly, Trialeurodes vaporariorum (Westwood), on cucumber and less efficacious against the same insect species on tomato. The whitefly species, the cultivars, the quality of fungal inoculum, the method of spraying, and the climatic conditions during trials could account for the differences observed between the results of the trials of Bolckmans et al. (1995) and ours. Hare and Andreadis (1983) found significant differences in susceptibility of L. decemlineata to B. bassiana when reared on four different Solanaceae species, considering fungal prevalence in field and mortality in laboratory. Susceptibility significantly varied when adult chinch bugs, Blissus leucopterus leucopterus (Say), were inoculated with B. bassiana and fed on various host plants (Ramoska and Todd, 1985) . Plant phenology may also interfere with insect susceptibility to fungal infection (Hare and Andreadis, 1983; Boucias et al., 1984) .
Probably there is a direct effect of allelochemicals on interactions between entomopathogenic fungus and its phytophagous host in these last cases, as suggested by some researchers with B. bassiana (Hare and Andreadis, 1983; Ramoska and Todd, 1985; Costa and Gaugler, 1989b) . Recent papers demonstrated in vitro effect of such substances. Lacey and Mercadier (1998) report a very severe reduction of germination and growth in P. fumosoroseus due to tomatine. Vega et al. (1997) found that some secondary plant compounds such as catechol, salicylic acid, or tannic acid, incorporated in a substrate caused a significant decrease in P. fumosoroseus germination, although some others presented no effect.
Under our greenhouse conditions, we observed some differences between the tomato cv Pixie (first series of experiments on vegetable species) and the three other cultivars of tomato (second series), especially in terms of number of newly formed conidia harvested on the surface of cadavers (around 2 times with the three tomato cultivars of the second series than with the cv Pixie in the first series) (Figs. 3 and 5) . However, results could not be statistically compared because both series were carried out at different times and conducted under different climatic conditions. For example, we observed that minimal temperatures were generally lower in the first series of experiments than in the second one. Minimum RH were lower during the experiments conducted on cultivars of tomato than on vegetable species.
This study clearly indicates that the infectious and epizootic potentials of P. fumosoroseus on the susceptibility of B. argentifolii were not affected by the host vegetable species or the host cultivar of tomato. Experiments were conducted in a greenhouse under climatic conditions that were both favorable and fluctuating. From a practical point of view, our results indicated that the utilization of P. fumosoroseus for controlling silverleaf whitefly in greenhouses is adaptable to cabbage, cucumber, and to four cultivars of tomato.
